The paper presents frequency methods for estimating the variability of intervals between individual heart beats in Electrocardiogram. This parameter is known in the scientific literature as the Heart Rate Variability and with this method it is possible to make predictions about human health. Three frequency ranges have been studied: Very Low Frequency, Low Frequency, and High Frequency. The study in this paper was based on real cardiological data obtained from 33 patients suffering from heart fibrillations and 29 healthy individuals. The investigated records are obtained through a Holter monitoring of studied individuals in real life conditions. The obtained results show significantly lower values of the tested spectral parameters in the diseased individuals compared to the healthy controls. The accomplished study shows the effective applicability of the spectral methods of Heart Rate Variability analysis and the possibility of differentiation by the spectral parameters of the patients from healthy individuals. UDC Classification: 612,
Introduction
Heart rate variability (HRV) is a tool for assessing the time variation of intervals between adjacent cardiac pulsations. HRV is an indirect indicator of the autonomic regulation of the cardiovascular system and it is often used as a prognostic indicator of the health of the human body (Malia et al., 2014) . The cardiological intervals change their duration as a result of respiratory activity, blood pressure, physical and mental load, 24-hour rhythms, thermoregulation, etc. Changing the heart rate is a response of the body to the effects of the external environment. As Clifford et al. (2004) write in the time region, the high HRV is a good health indicator, whereas low HRV indicates a high risk of cardiac death resulting from myocardial infarction, heart failure, diabetes, and others. Heart rate is a non-stationary signal and is influenced by the sympathetic and parasympathetic activity of the autonomic nervous system (Acharya et al., 2006) . The two parts of the nervous system have different and most often opposite effects on the human regulatory system (Stavrinou, 2014) and they are the main mechanisms of the Heart rate variability (Trimmel, 2015) . The sympathetic nervous system exerts its action in situations of physical exercise (running, wrestling, swimming, sports, etc) and emotional or mental stress, depression where heart rate can rise to 180/200 beats/minute, while increasing power in the LF range. The other part of the autonomic nervous system, the parasympathetic nervous system, acts as a rest, good mood, sleep, cooling, and can reduce heart rate to 60 beats per minute, respectively increasing the power in the HF range. Reducing or increasing the share of the different frequency ranges in the heart rate signal and referencing them to the 24-hour physiological cycle can provide information about the physical and health condition of the person. The HRV study is based on the measurement of the interval between heart rhythm (RR intervals, where R is the point with the maximum deviation in the electrocardiogram), and subsequent analysis by various mathematical methods. For this purpose, in the continuous ECG record, the R points are detected, the duration of the intervals between adjacent R peaks is measured and the instantaneous heart rate is calculated (Georgieva-Tsaneva, 2012) . Measurements are based on the intervals between normal sinus abnormalities (occurring as a result of sinus node depolarization) because they reflect the vegetative innervation to the heart (NN intervals). The algorithms for heart rate variability analysis can be divided into three groups (Acharya et al., 2006) :
 Algorithms for frequency domain analysis. They give a general analysis of the variability.  Algorithms for time domain analysis. They are mainly used to obtain statistical estimates.  Nonlinear algorithms. Through them, specific information on the behavior of the variability can be derived.
Analysis of Variability in the Frequency Area: Literature Review
In the scientific literature, there are many papers in which the CPS is analyzed, mainly for the influence of various factors such as physical load (Martinis et al., 2004) and stress (Kim et al., 2018; Marques et al., 2010; Dimitriev et al., 2015; Kageyama et al., 1998 ) and many others.
The spectral analysis of the heart rhythm shows the quantitative variation of cyclic effects with a different long cycle over the heart rate. Most of the spectral algorithms apply the window selection method for real-time operation. The following mathematical technologies are most commonly used in frequency areas:
 Discrete Fourier Transform (DFT) and Fast Fourier Transformation (FFT);
DFT, FFT and the Welch Periodogram are nonparametric methods. In these methods, the spectral analysis is performed directly on the data being studied, and the graph of the spectrum is a series of peaks and falls. In a previous study of the author (Georgieva-Tsaneva, 2016) the method of Welch is used (modification of classical Periodogram) for computing of spectral parameters. The Lomb-Scargle Periodogram and Burg Periodogram are parametric methods. The parametric methods use an autoregressive model of the data, they do not make spectral analysis of the data itself, but of the obtained model. Thus, the spectrum graph has smooth lines, the spectrum is smoother (Stavrinou, 2014) . Spectral analysis of cardio intervals presents the distribution of frequencies present in NN intervals as a sum of correct sine waves of varying amplitude. A spectral analysis of long-time 24-hour HRV recording in the total frequency range of 0 to 0.5 Hz distinguishes four sub-bands (according to Hernandez-Fajardo et al., 2008; Georgieva-Tsaneva, 2018) , determined for physiological reasons: Ultra Low Frequency (ULF), Very Low Frequency (VLF), Low Frequency (LF) and High Frequency (HF). Following the creation and publication of the common European-American standard in scientific research are using the frequency limits recommended therein (according to Malik, 1996) . In the traditional short-term spectral analysis, the VLF, LF and HF areas are examined; at a spectral analysis of long-term records and the ULF range is also investigated. In his paper Trimmel (2015) shows, that good mood and relaxation are correlated with ULF and Total Power. In their research Berntson et al. (1997) point out that the two parts of the nervous system can act not only as antagonists but also in sync in certain situations.
Frequency Domain Analysis
Of great importance for clinical practice in the study of short-term cardiology series (up to 5-10 minutes) are in the following ranges (Clifford et al., 2006) :  VLF: 0.003-0.04 It reflects the sympathetic activity of the nervous system;  LF: 0.04 -0.15 Hz with a peak of about 0.1 Hz over which the sympathetic nervous system affects (Malik, 1996) ;  HF: 0.15 -0.5 Hz, on which the parasitic portion of the nervous system affects (Malik, 1996) , but according to some authors as well the sympathetic nervous system affects (Berntson et al., 1997) . HF region reflects the fastest changes in heart rate, with peak peaks around 0.25 Hz. The relationship between low frequency components and high frequency components (LF / HF) in the HRV spectrum is an important indicator of the cardiological sympathovagal balance in the body (Matveev et al., 2012) . In healthy patients, the LF and HF ranges are changed periodically, with LF influencing prevailing during the day, and HF at night. For long-term recordings, the low-frequency and high frequency range account for 5% of the total power spectrum, while the VLF and ULF make up 95%. Under the influence of various factors, the spectral power of the HF and LF ranges can be increased or decreased, which can be judged for various disorders in the human body. The indicator of cardiological sympathovagal balance can be a predictor of certain diseases. Тhe frequency spectral parameters for normal HRV (reference values corresponding to healthy individuals) given in HRV standard (according to Malik, 1996) are as follows:
 Total Power: 3466±1018 ms 2 ;  LFpower: 1170±416 ms 2 ;  HFpower: 975±203 ms 2 ;  LF power n.u.: 54±4;
 HFpower n.u.: 29±3;  LF/HF: 1.5-2.0.
Data used for experimental studies
The presented studies were performed on patients and healthy subjects -volunteers received by the Medical University -Varna, Republic of Bulgaria, through the Holter monitoring. The received records are over a period of 24 hours, and the studies are performed on a second channel. The used Holter devices are modern, purchased specifically for the purpose of a research project funded by the Research Fund of the Republic of Bulgaria. The main task of the project is to study HRV in patients with various cardiovascular diseases and to monitor their treatment, the effectiveness of the treatment, the results of the assigned medications. The project started with the tracking of patients with heart fibrillations and the analysis of their initial states by means of mathematical methods. The Holter device enables RR intervals to be obtained for each subject being studied, which are recorded in a patient database and can be accessed after a time of comparison and analysis. The analyzed records in this study are for patients aged 25-40 years. The control group of healthy individuals is of the same age group. The records are accompanied with a diagnosis by the investigator doctor, a member of the project team.
Results
The algorithms that were tested and evaluating their effectiveness were accomplished by means of software for this purpose in a MATLAB environment. All results in the report are obtained with program implementation of the corresponding algorithms.
Obtained results are presented in Table 1 with mean and standard deviation (SD). 
Source: Author
Studies have been done on cardiac records of healthy patients and patients with heart fibrillations. The power of the individual ranges is presented in percentages relative to the total and in normal units. The LF / HF ratio is also calculated, giving information about the sympathovagal balance in the body. The calculated spectral parameters in the three investigated frequency ranges were obtained by applying a Burg Periodogram method. The results obtained show a decrease in the variability parameters in the VLF, LF and HF range in individuals with heart fibrillations. The Power in the studied frequency ranges differs in the two study groups of individuals. In the VLF region, the absolute Power in the group with heart fibrillations is 642±473 2 (compared to twice as large (1278±362 2 ) in the healthy group). (Malik, 1996) and indicate the presence of health problems. The value of investigated parameter (calculated with ANOVA analysis) p <0.05 are indicative for statistical significance of obtained results. Future activity will include monitoring the treatment of the patients under study, respectively at 3 and then every 6 months (if necessary), monitoring the medication used, changing the dose of medications, or switching medicines as needed. The observations made and the outcome of their analysis will be announced at subsequent conferences.
Conclusion
The report presents a study of Heart Rate Variability in individuals with heart fibrillations, and in healthy individuals. The main aim is to determine whether significant changes occur in HRV in individuals with heart fibrillations. The study was conducted on real cardiac data obtained through a 24-hour Holter monitoring of two groups of individuals: individuals with heart fibrillations and a control group of healthy subjects. A Burg Periodogram method is used to calculate a Periodogram and determine the Power in three frequency ranges: Very Low Frequency, Low Frequency, and High Frequency. The obtained results show a decrease in HRV in the three frequency ranges examined, indicating that the reduction of HRV is an indicator of the presence of cardiac disease (in this case heart fibrillations). The presented results indicate a higher relative share of the LF range in patients with heart fibrillations relative to healthy subjects. The low-frequency LF range reflects the influence of the sympathetic part of the nervous system. The increase in power in the LF range is reflected in the LF / HF coefficient, which increases respectively. The results obtained show that lower sympathetic nervous system activity reduces the burden on the heart and contributes to the normalization of its activity. The statistical analysis done makes it possible to distinguish patients with cardiovascular disease from healthy individuals with HRV Frequency Domain Analysis methods. The presented results in the paper can be used by cardiologists in their clinical practice as an additional means of determining the patient's disease.
